Background: The optimal population rate of cardiac catheterization is unknown. One potential way to determine it would be to examine whether there is a population rate beyond which the yield of high-risk coronary artery disease (CAD) does not rise. Methods: Using a detailed clinical registry that captures all patients undergoing cardiac catheterization in Alberta, we determined annual population rates of cardiac catheterization and the corresponding yield of cases of high-risk CAD in each of Alberta's 17 health regions from 1995 to 2002. Least squares linear regression analysis and hierarchical modelling methods were then used to assess the linear relation between catheterization rates and rates of high-risk CAD. Results: The age-adjusted average rate of cardiac catheterization among men ranged from 404.9 to 638.1 per 100 000 population aged over 20 years. Among women, the average rate ranged from 171.8 to 314.0 per 100 000. For both sexes, increased regional rates of catheterization were associated with a linearly increasing yield of high-risk CAD, with no evidence of a plateau in yield when more procedures were performed. One additional case of high-risk CAD was identified for every 2.5 additional cardiac catheterization procedures performed among men, and for every 3.7 additional procedures performed among women. Interpretation: The increasing yield of patients with high-risk CAD associated with increased regional population rates of cardiac catheterization, together with the absence of a plateau in yield, suggests that Alberta's population rates of cardiac catheterization are suboptimal to detect people with high-risk CAD. 
O ne of the primary purposes of cardiac catheterization is to identify patients with severe coronary artery disease (CAD), namely left main disease, 3-vessel disease, or 2-vessel disease with involvement of the proximal left anterior descending artery. These important subgroups of patients are those in whom a survival advantage has been demonstrated with revascularization procedures. [1] [2] [3] Significant practice variations in the use of cardiac catheterization procedures have been demonstrated across national borders 4, 5 and across provincial borders in Canada 6, 7 and state borders in the United States. 8 Variations across small regional areas have also been identified. 9, 10 Although there is some speculation that an ideal cardiac catheterization rate exists, we actually know little about what this ideal rate might be. One potential way to search for an optimal rate is to determine whether there is a population rate of cardiac catheterization beyond which the yield of high-risk CAD does not rise. Identifying such a plateau from cardiac registry data would be useful evidence toward the identification of an optimal catheterization rate.
The Alberta Provincial Project for Outcome Assessment in Coronary Heart Disease (APPROACH) is a large, population-based registry that captures detailed clinical information for all patients undergoing cardiac catheterization in Alberta. 11 This database permits detailed study of the utilization of cardiac procedures at a population level. From the mid-1990s until Apr. 1, 2003, Alberta had 17 health regions, after which the province was reconfigured into 9 health regions. Given the existence of considerable variability in population rates of catheterization across these 17 regions, and across the years, we had a unique opportunity to study the relation between population rates of cardiac catheterization and the detection of high-risk CAD.
Methods
For the purpose of this study, APPROACH data from Jan. 1, 1995, to Mar. 31, 2002, were used. The database contains detailed clinical information, including demographic characteristics and comorbidities of patients, and tracks therapeutic interventions such as previous thrombolytic therapy and previous or subsequent revascularization procedures. Information on coronary anatomy is stored using a cardiac reconstruction software program (HeartView; Siemens Medical Systems). The extent of CAD is defined as the number of native coronary vessels with stenoses of more than 50%; lesions in the proximal left anterior descending artery are considered separately. We defined high-risk CAD as left main disease, 3-vessel disease, or 2-vessel disease with involvement of the proximal left anterior descending artery.
In 2002 Alberta had a total population of 3.1 million and 17 health regions (Fig. 1) Separate statistical analyses were performed for men and women because the optimal population rate of cardiac catheterization may differ between sexes. We categorized patients by the health region in which they resided, according to the demographic information in the APPROACH database. Cardiac catheterization rates for each region were derived as the total number of catheterization procedures divided by the total population over age 20. Rates of high-risk CAD identified were calculated as the number of patients with high-risk CAD divided by the total population in the region over age 20. Cardiac catheterization rates for age categories over 20 were calculated for each region by dividing the total number of catheterization procedures within each age category by the population in that category. The age categories were 20-34, 35-49, 50-64, 65-74, and 75 and over. Rates of high-risk CAD for each region were calculated in the same manner. We then obtained indirectly standardized catheterization rates and high-risk CAD rates per 100 000 population aged over 20 by weighting the age-specific rates on the basis of the 1996 Canadian population. These adjusted rates were obtained separately for men and women.
A simple scatter plot was constructed of the annual catheterization rate versus the annual rate of high-risk CAD for each of the regions, with data points representing individual years. We then studied the relation between the catheterization rates and the high-risk CAD rates using least squares linear regression analysis, fitting straight lines between the 8 points for each health region. Because the observations from each region are not independent, and data from one region are more closely related to each other than to data from other regions, we also performed hierarchical modelling using a mixed-effects linear model, in which random effects were modelled for each region, with regional effects representing random variation around an average underlying relation. 12 In this analysis, we first modelled a random slope and intercept for each region. We then compared this model with a more parsimonious model in which regions shared a common fixed intercept (fixed at zero) and random slopes. If there was no statistical evidence (p < 0.05) of the random intercepts model providing a better fit, the random slopes model (fixed intercept at zero) was accepted as the best representation of the data. The results of this accepted model were then used to plot a single weighted line that best reflected the linear relation between catheterization rate and high-risk CAD rate for all of the regions studied. This "best fit" line, with confidence intervals, was then presented on the original scatter plot. To test whether we had evidence of a plateau in high-risk CAD rates at higher catheterization rates, we tested quadratic terms in each stage of the modelling. A statistically significant negative coefficient for the quadratic term in this latter analysis would indicate evidence of a plateau in the yield of high-risk CAD associated with increased rates of catheterization. Table 1 shows the average population of men and women over 20 years of age in each health region (based on the average of populations from 1995 to 2002) and the associated crude and adjusted average cardiac catheterization rates for each region. Among men, the adjusted catheterization rate ranged from 404.9 per 100 000 adults over age 20 (region 7) to 638.1 per 100 000 (region 4). The 2 regions with catheterization facilities (regions 4 and 10) had among the highest rates in Alberta. Most of the health regions had catheterization rates among men that were comparable, within the range of 475-575 per 100 000.
Results
A different pattern emerged among women: their adjusted catheterization rate ranged from 171.8 per 100 000 adults over age 20 (region 7) to 314.0 per 100 000 (region 5). Most of the remaining health re- Kilometres gions had rates in the range of 200-300 per 100 000, significantly lower than the rates among men. Fig. 2 demonstrates the relation between catheterization rate and yield of high-risk anatomy as a scatter plot containing data for each health region; individual points on the plot represent data for each year. For both men and women, higher cardiac catheterization rates were associated with higher yields of high-risk CAD.
The results of the least squares linear regression analysis are presented in Fig. 3 . For men, the slope of the line was positive for all of the health regions (mean 0.35, range 0.11-0.77), which indicated a general tendency across regions for the yield of high-risk CAD to increase with increasing catheterization rates. For women, the slope was positive for all but 2 of the health regions (mean 0.197, range -0.07 to 0.60).
The results of the hierarchical linear modelling are presented in Fig. 4 . The final model was a mixed-effects model, in which the regions shared a common, fixed intercept at zero but had randomly varied slopes. This figure also includes an algebraic expression of the linear relation between catheterization rate and yield of high-risk CAD. For both men and women, the slopes are statistically different from zero (p < 0.001).
To statistically test for evidence of a plateau in the yield of high-risk CAD as catheterization rates increased, we formally tested for a quadratic term in our regression analysis. We found no significant coefficient, which implied no plateau effect. We therefore concluded that the yield of high-risk CAD in Alberta during the study period rose linearly with increasing cardiac catheterization rates.
On the basis of the slopes seen in the hierarchical modelling, for every 2.5 additional men and 3.7 additional women undergoing cardiac catheterization, about 1 additional patient with high-risk CAD is identified.
Interpretation
We found that, for each health region in Alberta, the yield of high-risk CAD increased linearly with an increase in cardiac catheterization rates and continued to do so without evidence of a plateau. This suggests that the optimal catheterization rate to detect high-risk CAD in Alberta is greater than 638.1 per 100 000 adults over age 20 among men and greater than 314.0 per 100 000 among women. Given that rates of cardiac procedures in Alberta are among the highest in Canada, 6, 7 our findings suggest that an optimal cardiac catheterization rate has not yet been reached in this country. These findings are of great international relevance because considerable rate differences exist across countries without evidence of optimal rates.
In comparison with other countries, Canada is considered to have a "medium" cardiac catheterization rate, simiCardiac catheterization rates Men Women lar to that of Australia, Belgium and Germany, with lower rates reported in the Netherlands, Sweden, the United Kingdom, Hungary and Poland, and the highest rates in Brazil and the United States. 4, 13 Our results are consistent with those of a number of previous studies of cardiac procedure rates in Canada that indirectly suggested that a significant number of patients with high-risk CAD are not being identified. 14, 15 In a more direct comparison, Batchelor and colleagues 16 determined that the rate of catheterization after myocardial infarction in the United States was more than 2.5 times that in Canada, with US physicians identifying on average 7.4 more cases of severe CAD per 100 post-MI patients than Canadian physicians.
In a previous study of APPROACH data, a large proportion (74.2%) of the patients with high-risk CAD discovered at cardiac catheterization subsequently underwent revascularization procedures; in general, this tendency was uniform across regions. 17 This finding indicates that the discovery of high-risk CAD in Alberta patients usually leads to therapeutic action (i.e., revascularization), which may in turn improve long-term prognosis.
Implicit in some of the preceding discussion is that the use of catheterization is rational and truly linked to need. In reality, this may not be the case. Decisions to perform catheterization procedures are typically made by individual physicians faced with individual patients. Such a one-onone perspective is often blind to the perspective of population-based needs that our study has attempted to address. Furthermore, this argument could be extended to the question of whether societal investment is best aimed at sick individuals (i.e., clinical interventions) as opposed to sick populations (i.e., population-based health promotion interventions). Rose 18 acknowledged the role of intervention that targets both ends of this spectrum, although he pointed out that the returns may be greater for population-based interventions. In this regard, we acknowledge that our findings need to be complemented by future work assessing the economic implications of various catheterization utilization strategies. Our study has limitations. Because the inception point of APPROACH is cardiac catheterization, and because no reliable data on regional prevalence of CAD are available, age adjustment of catheterization rates was the only method used to account for true regional differences in prevalance of severe CAD. Also, formal assessments of the appropriateness of the catheterization procedures were not conducted. However, it has been previously shown that inappropriate use of angiography does not explain geographic variations in procedure rates. 19 In conclusion, we found a linear relation between cardiac catheterization rates and the yield of high-risk CAD in all of the 17 health regions in Alberta. Increasing the current rate of use of this procedure could lead to the detection of more patients with high-risk CAD who would then potentially benefit from revascularization. Because Alberta has one of the highest rates of cardiac catheterization in Canada, and because Canada is considered to have an intermedi- ate rate of cardiac catheterization compared with rates in other countries, these results suggest that a higher utilization rate may be required, not only in Canada but in many other countries with similar or lower catheterization rates.
Whether an optimal rate of catheterization has been reached in countries with higher utilization rates (e.g., the United States) has yet to be determined, perhaps through the use of analyses similar to those presented here.
